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Conversion Factors,
Non SI to SI Units of
Measurement

Non-SI units of measurement used in this report can be converted to metric
units as follows:

MUM* To Obah

Fshrenhett deogee (W-32)11.8 Ceoku degreeS

inches 2.54 oenwtmoter

pounds (forae) per squat 6.894757 kilopmeea•

foot 0.03048 metere

mie s 1.60934 kilometers

pounds (force) per cubic 16.01846 kilogrm per cubic meter
foot
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1 Introduction

Background

Low-temperature transverse pavement cracking is a serious asphalt
pavement problem in the ohero ter states, Alaska, Canada, and Greenland.
The cracking occurs when thermal strse induced in the pavement by
cooling exceeds the tensile strength of the asphalt concrete. The crack begins
at the asphalt concrete surface and progresses downward through the entire
pavement layer. The initial occurrence of low-temperature cracks does not
result in a major loss of pavement serviceability but will cause an accelerated
loss of pavement performance over time leading to increased maintenance and
a shortened pavement service life.

A major factor in the occurrence of low-temperature transverse cracking is
the low-temperature stiffness of the asphalt cement. Low viscosity asphalt
cements are recommended as binders in cold regions to reduce the potential
for low-temperature cracking. The U.S. Army Corps of Engineers uses the
penetration viscosity number (PVN) method in cold regions to aid in selecting
an asphalt cement with reduced temperature susceptibility (see Appendix A,
ETL 1110-1-139). The PVN criteria has been used by the U.S. Army Corps
of Engineers for various Department of Defense agencies in cold regions since
1976. The PVN is an empirical correlation between asphalt cement factors
and low-temperature pavement cracking experiences in Canada. In general,
the greater or more positive the PVN, the less temperature susceptible the
binder should be. Penetration data at 25 deg C and kinematic viscosity at
135 deg C are required to obtain the PVN. For road and airfield pavements,
the U.S. Army Corps of Engineers specifies asphalts with a minimum PVN of
-0.5 in moderately cold regions (northern tier states) and asphalts with a
minimum PVN of -0.2 in severely cold regions (interior Alaska and
Greenland). Asphalt cements meeting these criteria are termed "special
graded."

Objective

The objective of this study was to evaluate the performance of special
graded (arctic grade) asphalt cements in airfield pavements subjected to
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extreme cold conditions and to provide guidance on the use of these asphalt
cments on DOD projects.

Scope

The scope of this study included a review of available literature and
existing data, field site inspections, laboratory study and analysis of data. lhe
effectiveness of special graded asphalt cements to minimize low-temperature
cracking was evalumed at three locations, Wainwright Army Airfield, Alaska,
Elmendorf AEB, Alaska, and Sondrestrom Air Base, Greenland. At each
location a visual inpection was conducted to determine the amount and
severity of cracking for pavements with standard and special graded asphalt
cements. Field samples were also taken at each site to evaluate the properties
of the in place asphalt concrete materials. From the data obtained in this
investigation, recommendations and guidance are made concerning the use of
special graded asphalt cements for DOD pavements.

2
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2 Literature Review

In the cold regions of North America, pavements frequently suffer from
low-temperature cracking that is caused by cyclic thermal Messes. Special
graded asphalts are used by many pavement designers to reduce the effects of
thermal stresses on asphalt concrete pavements. A brief literature review was
conducted to determine the present stateof-he-art technology for using special
graded asphalts in preventing damage from thermal stresses in asphalt
pavements.

Canadian Study

McLeod (1976) reported a study on the Pen-Vis Number (PVN) and its
application to pavement stiffness. The PVN is a temperature susceptibility
procedure that Is based on the penetration value of an asphalt cement at
25 deg C and its viscosity in centistokes at 135 deg C. This procedure was
developed in response to the erroneous values that Pfeiffer's and van
Doormal's penetration index (PI) would give to Canadian asphalts made from
waxy crude oils that would show a false softening point. Because of the way
the PVN was derived, the PVN and the Pl are the same or very nearly so for
many asphalt cements. 7his makes it possible to use PVN with Van der
Poel's nomographs to obtain moduli of stiffness values for asphalt cements
and asphalt paving mixtures.

NCHRP Study

"The National Cooperative Highway Research Program (Finn et al 1978)
reported a study on minimizing premature cracking in asphaltic concrete
pavement. The objective of the research project was to prepare
recommendations on materials, design, and construction requirements that
could reduce the occurrence of premature low-temperature thermal cracking in
asphalt concrete pavements. With respect to low-temperature cracking, it was
reported that asphalt cement grade was the most viable designer-controlled
factor related to low-temperature cracking. A low-viscosity asphalt should be
used if premature low-temperature cracking is observed. Asphaltic concrete
mixes made with low-viscosity asphalt cements are more easily compacted;
thus, higher density requirements can be specified to achieve stabilities
comparable to mixes made with harder asphalts.

Cheptw 2 UtwumeArI,,w 3



Asphalt Institute Study

The Asphalt Institute reported a state-of-the-art literature review on low-
temperature transverse cracking in asphalt concrete pavements (Al 1981). The
report included an interpretation of the significant literature, guidelines for the
application of current technology, and a framework for future advances in this
area. The goal of this study was to find an economic way of minimizing the
problem of low-temperature transverse cracking, i.e., retard the onset of
cracking, and when it does occur, keep the cracking at an acceptable level.

Asphalt pavement transverse cracking is a regional problem, with more
severe cracking occurring in the coldest regions. The literature listed a
number of factors that influence the occurrence and severity of pavement
transverse cracking. Tlhey include climatic effects, subgrade type, asphalt
cement properties, mix properties, pavement design, pavement age, and traffic
effects. Low-temperature pavement design procedures have focused on
asphalt cement or mix stiffness for controlling transverse cracking. The
methods developed to predict cracking from asphalt cement or mix stiffness
were based on identifying the "predicted cracking temperature" of the
pavement. However, there was a lack of comprehensive data that correlated
the predicted cracking temperatures with actual field data.

The report recommended the following basic steps for the development and
application of a simple low-temperature pavement design procedure:

a. Determine the pavement design temperature. The pavement design
temperature can be considered equal to the minimum pavement-surface
temperature.

b. Predict pavement cracking temperature. Pavement cracking
temperatures are estimated from the asphalt properties using the
nomographic cracking temperature method shown in Figure 1.

c. Select a low-viscosity asphalt grade for lov"-temperature performance
when the predicted pavement cracking temperature falls below the
pavement design temperature.

d. Select asphalt for optimum overall pavement structural design if there
is a conflict between the requirements of an acceptable low-temperature
design and a sound pavement structural design.

The Asphalt Institute concluded that controlling low-temperature pavement
transverse cracking by restricting asphalt properties in specifications has only
been partly successful. The following recommendations were made:

a. Research projects should be initiated to measure the influence of
mineral filler in the mix, subgrade effects, pavement thickness, etc. to
determine the effect on low-temperature transverse cracking.

4 Chapter 2 Literature Review
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Figure 1. Nomograph for predicting cracking temperatures

b. Information from test roads and construction projects should be taken
to include the effect of a wider variety of asphalts and other significant
design variables.

c. The pavement design criteria should be used as a design procedure and
not as an additional asphalt specification.

d. The design procedure based on cracking temperatures predicted from
asphalt penetrations at 25 deg C and 5 deg C should be used as an
interim guide to design pavements to resist low-temperature transverse
crackng.

e. A modification of the American Society for Testing and Materials
(ASTM) Standard Test Method D 5 should be proposed and developed
to measure the penetration at 5 deg C, using for all measurements the
100 g, 5 sec test condition.

Chapt, 2 Utel•s Review 5



TRB Study

A state-of-the-art report on low-temperature properties of asphalt paving
cements was published by the National Research Council and the
Transportation Research Board (TRB 1988). This report provides references
for nine test parameters (penetration, ductility, viscosity, glass transition
temperature, tensile strength of thin films, absolute-rate theory and asphalt
fracture, viscoelastic properties, asphalt stiffness, and modified asphalts) that
pertain to low-temperature properties of paving asphalts. Paving asphalt
specifications that use penetration measurements at lower temperatures have
been recommended to improve low-temperature performance. Halstead
(Halstead 1963) demonstrated that pavements containing asphalts with
satisfactory penetration (30-50) at 25 deg C, 100 g, 5 s but with low
ductilities at 25 deg C showed poorer service than pavements containing
asphalts of the same penetration but with high ductility. Studies have also
shown poor correlations between initial viscosity and penetration or ductility
values and that these relationships become poorer with decreasing
temperatures. This is due to the unknown and variable shear rates associated
with these empirical tests at low temperatures. The selection of an asphalt
cement that will resist cold weather cracking should depend on a direct
measurement of low-temperature consistency. Viscosity, because of its
fundamental nature over a wide range of temperatures, would be suitable for
that purpose. Commonly used asphalt stiffness prediction procedures are
Pfeiffer's and van Doormaal's PI procedure (Pfeiffer and van Doormaal 1936)
and McLeod's PVN procedure (McLeod 1976). They are based on
penetration measurements or on viscosity values at high temperatures such as
135 deg C or 60 deg C.

Asphalt modifiers have also been tested for their ability to modify the low-
temperature properties of asphalt cements. At high temperatures, sulfur-
asphalt mixtures can increase the stiffness of a soft asphalt (300 to 400
penetration) to that of mixture made with 40-50 penetrations. The addition of
sulfur has no effect on stiffness at low temperatures. Asphalt mixtures
reinforced with polypropylene fibers resulted in mixtures with improved
elongation capability, better resistance to freezing and thawing, and a more
durable and longer-lasting service life, particularly in cold climate regions.
Laboratory tests indicated that the addition of carbon black pellets to asphalt
cements increased asphalt durability by increasing the viscosity at 60 deg C
and by increasing the penetration at 5 deg C, a demonstration of improved
low temperature susceptibility.

FAA Study

Janoo (1990) reported a study on the use of low-viscosity asphalts in
airfields and highway pavements in cold regions. The report included a brief
literature review on low-temperature cracking, a description of the U.S. Army
Corps of Engineers specifications, and the results of a field study concerning
the use of soft grade asphalts by state and Federal agencies.

6 Chapter 2 Uterature Review



Low-tenpersture transverse cracking occurs when the temperature-induced
tensile stress in the asphalt concrete exceeds the tensile strength of the asphalt
concrete. The crack begins at the asphalt concrete surface and progresses
downward through the asphalt concrete layer. The bearing capacity of the
pavement system reduces over time as the number of cracks increase, the size
of the cracks increase, and with entry of water into the pavement cracks.
During the winter months, deicing solutions can enter the cracks and cause
localized thawing of the base and subbase and water entering these cracks can
cause differential frost heave.

Low viscosity asphalt cements are currently recommended as binders in
cold regions to reduce the potential for low-temperature cracking. The
U.S. Army Corps of Engineers currently uses the penetration viscosity
number (PVN) to quantify temperature susceptibility of an asphalt cement and
estimate its ability to prevent low-temperature cracking (ETL 1110-1-139
1990). For road and airfield pavements, the U.S. Army Corps of Engineers
specifies "standard grade" asphalts with a minimum PVN of -0.5 in the
moderately cold regions and "special grade" asphalts with a minimum PVN of
-0.2 in the very cold regions (Interior Alaska and Greenland).

Eighteen out of the 27 states surveyed considered low-temperature cracking
to be a serious problem. Sixteen states have some form of specification for
minimizing low-temperature cracking. Most states in the northern U. S. agree
that low-viscosity asphalts should be used for controlling low-temperature
cracking.

Janoo concluded that the propagation of low-temperature cracking is a
function of the asphalt cement and the asphalt concrete properties. The
following recommendations were made:

a. The behavior of asphalt concrete mixtures at low temperatures is based
on data gained from asphalt concrete properties at higher temperatures.
Research on characterizing the behavior of asphalt concrete mixtures at
low temperatures should be developed.

b. Research on introducing additives to the asphalt cement or the asphalt
cement mixture to minimize low-temperature cracking should be
conducted.

c. Field techniques for controlling low-temperature cracking should be
studied.

The U.S. Army Engineer Waterways Experiment Station (WES) conducted
a FAA sponsored field survey of 131 airports to determine the current usage
of asphalt modifiers in airfield pavement systems. It was found that the most
prominent reason for using asphalt modifiers in U.S. airport pavements is to
prevent or deter thermal cracking in the asphalt concrete (Anderton and
Lewandowski 1992). The WES study supports Janoo's conclusion that low-

7Chapter 2 Literature Review



tempet cracking in airport asphalt pavements should be a major concern

for the FAA.

SHRP Study

The Strategic Highway Research Program reported a summary on low-
temperature and thermal fatigue cracking of asphalt concrete pavements
(Vinson, at al 1989). An extensive literature review was conducted that
described the causes and problems associated with low-temperature cracking.
Test methods that are currently used to predict low-temperature and thermal
fatigue cracking in asphalt concrete mixtures were identified and reported. A
test program was recommended to support the evaluation of several test
methods for standardization and for use in mechanistic models.

In new pavements, cracks generally appear at 100+ ft spacings. As the
pavement ages and cold temperature cycles increase, the crack spacing
decreases to less than 20 ft. Factors that influence the amount of low-
temperature cracking in asphalt pavements include material factors,
environmental factors, and pavement structure geometry factors. The single
most important material factor that influences the amount and degree of low-
temperature cracking is the temperatr-stiffness relationship of the asphalt
cement. A high penetration/low viscosity asphalt cement is less temperature
susceptible due to its lower stiffness at low temperatures. In addition,
aggregates that have high abrasion resistance, high freeze-thaw resistance, and
low absorption give maximum resistance to transverse cracking. The asphalt
concrete mixture's aggregate gradation, asphalt cement content, and air voids
content do not significantly influence the temperature susceptibility of the mix.
Environmental factors that influence the amount of low-temperature cracking
are pavement surface temperature, rate of cooling, and pavement age (the
probability of extreme low temperature occurrence increases with time). In
respect to pavement structure geometry, field evidence shows that low
temperature crack spacing is closer for narrow pavements than for wider
pavements. In addition, increasing the thickness of the asphalt concrete layers
decreases the incidence of low-temperature cracking and increasing the friction
coefficient between the asphalt layer and the base course reduces the incidence
of low-temperature cracking. Low-temperature cracking is also greater for
pavements on sand subgrades than on cohesive subgrades.

Numerous research studies have examined the thermal properties of asphalt
concrete mix properties in relation to low-temperature cracking. SHRP
recommended four test methods for further examination in a laboratory test
program. These methods were:

a. Direct tension-constant rate of extension test.

b. Thermal stress restrained specimen test.

8 Chapter 2 Literature Review



c. Energ release rate (C*) line integral test.

d. Coefficient of thermal expansion and contraction test.

SHRP also recommended a laboratory test program that would properly
evaluate the suitability of these four methods for standardization and their
ability to provide input parameters to mechanistic models for low-temperature

USAF-WES Study

WES conducted a research study on the use of alternate/modified binders
for asphalt airfield pavements. One of the more prominent conclusions of the
study was that styrene-butadiene-styrene (SBS) and low-density polyethylene
modifiers can moderately increase the resistance to rutting and provide a
substantial decrease in the binder's temperature susceptibility (Anderton,
1990). As an indirect result of this study, a modified asphalt test section will
be constructed at the Thule Greenland Airbase in 1994, with trial sections
consisting of a SBS and a low-density polyethylene modified asphalt sections
placed in line with an unmodified control section on a main taxiway. The
results of the test section evaluations should provide some insight into the
effectiveness of these asphalt modifiers in deterring low-temperature cracking.

9
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3 Site Inspections

This field cvaluation was conducted to determine the performance and
effectivenes of special graded (arctic grade) asphalt cements in airfield
pavements that are subjected to extreme cold weather which produces severe
thermal cracking. The basis of this nvestigation was to compare asphalt
cement specified to meet PVN requirements to standard grade asphalt
cements in either overlay construction, new construction, or full depth repair.
Three locations, Wainwright Army Airfield, Elmendorf AFB, and
Sondrestrom Air Base, wer selected for site inspection and material
evaluation (Figure 2). These airfield pavements contained a wide range of
pavement types, asphalt cements, and construction methods. At each site, a
visual inspection was conducted by the principal investigator and a pavement
condition survey was conducted by a team from WES or Tyndall AFB. The
details of each inspection are discussed in the following paragraphs.

Wainwrlght Army Airfield

Wainwright Army Airfield (WAAF) is located east of Fairbanks, Alaska,
and is approximately 120 miles south of the Arctic Circle. The pavements at
WAAF were originally constructed during the 1940's and 1950's. During the
early 1980's, the primary pavements (North Runway, South and North
Taxiways, Taxiways 1, 3, 4, and 5) were resurfaced or reconstructed. A
layout of the pavemeat facilities at WAAF is shown in Figure 3. The
pavements inspected and sampled (Items 1-7) are listed and described in
Table 1.

In July 1988, a site visit was conducted by the principal investigator to
inspect the airfield pavements to determine the present surface condition and
to select sample locations. This visual inspection emphasized thermal
cracking pavement distrses. The crack spacing and widths were determined
and a subjective rating of the overall surface condition was made. During
August 1989, a WES evaluation team conducted a pavement condition survey
of WAAF (Harrison 1990). The Pavement Condition Index (PCI) results for
this inspection are listed in Table 2.

10 chwpw 3 Sk, Iupeo.ions
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Item 1

Item 1 is located in the center portion of the North Runway and is an
asphalt overlay (4 in.) placed over a cracked and seated PCC pavement
(6 in.). The asphalt cement used in this asphalt overlay was a standard grade
AC 5. The surface condition of this pavement was good to very good. The
transverse cracks in this pavement item were spaced 60 to 80 ft apart with
crack widths less than 1/2 in. The longitudinal construction joints had
opened, but were sealed. Some transverse cracks in the asphalt overlay
extended into the shoulder and were caused by "earth' or "ground* cracks.
These soil cracks occur under intense cold conditions due to temperature
induced volumetric changes. A typical transverse crack in Item I is shown in
Figure 4.

The WES evaluation team rated this pavement item very good with an
average PCI rating of 77. The major type of pavement distress was low to
medium severity transverse and longitudinal cracks. The PCI rating had only
decreased 3 points since the last evaluation in 1984.

Item 2

Item 2 is located at the west end of the North Runway and was overlaid in
1982 with 4 in. of asphalt concrete using standard grade AC 5. The surface
condition of this pavement was also good to very good, but it was evident that
this item contained more random cracking than Item 1. The transverse cracks
were approximately 1/2 to 3/4 in. wide and spaced 30 to 50 ft apart. Some of
these cracks were reflected and not thermally induced. Typical cracks in
Item 2 are shown in Figure 5.

The WES evaluation team rated this pavement item very good with a PCI
rating of 78. This same item had received a PCI rating of 80 in 1984.

Item 3

Item 3 is located in Taxiway 1 N/S at the east end of the airfield. The
pavement was reconstructed in 1983 and had a total pavement thickness of
30 in. The wearing surface was 4 in. of asphalt concrete produced with arctic
grade AC 2.5. The surface condition of this pavement was excellent. There
was only one transverse crack (1/8 in. wide) in this 1,000 ft section
(Figure 6).

The WES evaluation team rating this pavement excellent with a PCI rating
of 95. The only pavement distress was low severity transverse cracking.
This pavement item had been rated excellent with a PCI rating of 100 in
1984.

14 Chapter 3 Site Inspections



Item 4

Item 4 is located in Taxiway I E/W adjacent to the southeast apron. This
pavement was overlaid in 1984 with 4 in. of asphalt concrete using arctic
grade AC 5. The surface condition of this pavement was good to very good.
The transverse cracks in this item were spaced 100 to 120 ft apart and were
approximately 1/2 in. wide. This pavement also contained small hairline
cracks spaced every 50 to 60 ft. A typical crack in Item 4 is shown in
Figure 7.

The WES evaluation tean rated this pavement very good with a PCI rating
of 79. This pavement did have the greatest decrease in PCI ratings than any
other pavement inspected. The PCI rating decreased from 100 in 1984 to 79
in 1989. It was evident that the asphalt overlay with AC 5 (Item 4) was not
performing as well as the reconstructed section with AC 2.5 (Item 3).

Item 5

Item 5 is located in Taxiway 3 which serves as a connecting taxiway
between the South Aprons and the North Runway. This pavement section was
reconstructed in 1983 and had a total pavement thickness of 38 in. The
wearing surface was 4 in. of asphalt concrete produced with arctic grade
AC 2.5. The surface condition of this pavement was very good. The
tansverse cracks were spaced every 100 to 200 ft with some as far as 250 ft
apart. The typical crack width was 1/2 in.

The WES evaluation team rated this pavement excellent with a PCI rating
of 90. The only pavement distress noted was transverse and longitudinal
cracking at low and medium severities.

Item 6

htem 6 is located in the South Taxiway between the West and Southwest
aprons. This pavement section was reconstructed in 1983 and had a total
pavement thickness of 38 in. The wearing surface was 4 in. of asphalt
concrete produced with arctic grade AC 2.5. The surface of this pavement
was rated fair to very good. The transverse cracks were spaced 60 to 180 ft
apart and the cracks were approximately 1/2 in. wide. The majority of the
tranverse cracks were low to medium severity. This pavement section also
contained some high severity cracks (earth cracks) that were over 1 in. wide
and 6 to 7 in. deep (Figure 8).

The WES evaluation team rated this pavement very good with a PCI rating
of 83. The primary pavement distress in this pavement was low to high
severity transverse and longitudinal cracking. The PCI rating had decreased
10 points since the last evaluation in 1984.
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Itom 7

Item 7 Is located in the South Taxiway near Apron 3. This pavement was
overlaidInl1983 with 4in. of asphaltconcrete using arctic grade AC 2.5. The
surface condition of this pavement was good to very good. The transverse
cracking was slimilar to the other pavement items with crack spacing 60 to 120
ft apart. The typical crack width was 112 in.

The WES evaluation team rated this pavement very good with a PCI rating
of 79. The PCI rating had decreased 11I points in 5 years. Die primary
pavement distress was noted to be low to high severity transverse and
longitudinal cracking.

Figure 4. TypIWa transverse crack In Item 1 (North Runway)
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Figure 5. Typical transverse cracks in Item 2 (North Runway)

4.

Figure 6. Single transverse crack In Item 3 (Taxiway 1 N/S)
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Figure 7. Typical transverse crack in Item 4 (Taxlway 1 ENV)

Figure 8. High severity transverse crack in Item 6 (South Taxiway)
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Elmendorf Air Force Base

Elmendorf APM is located noft of Anchorage, Alaska, and is
appmoximazy 375 miles south of the Arctic Circle. The pavements at
Elmendorf AFB were originally constructed during the 1940's and 1950's.
During the late 1970's and early 1980's, the runways and parking aprons were
resurfaced or reconstructed. A layout of the pavement facilities at Elmendorf
AFB is shown in Figure 9. The pavements inspected and sampled (Items 1-3)
are listed and described in Table 3.

Table 3
Description of Pavement Items Evaluated at Elmendorf AFB

- m -m

Age at

IUm LOefte Yfeu (yMM) TyMp Desouptkon

1 East-est 1966 AC 5 Full depth
apon srctic nd asphalt ovefa

grade

2 North- 1s1 7 AC 5 Fulldelpthreooucion
south
apron

3 Eat-wst 1978 10 AC 2.5 Asphalt overlay

- nway

In July 1988, a site visit was conducted by the principal investigator to
determine the current surface condition of the airfield pavements and to select
sample locations. This visual inspection emphasized thrmal cracking
pavement distresses. The crack spacing and crack widths were determined and
a subjective rating of the overall surface condition was made. During August
and September of 1989, a pavement evaluation team from Tyndall AFB
conducted a nondestructive airfield evaluation that included a visual survey of
each pavement feature (Buncher et al 1990). This evaluation was a qualitative
assessment of the surface conditions and was based on random counts of major
distresses.

Item 1

Item 1 is located in the East-West apron adjacent to the PCC parking apron.
The asphalt pavements in this apron were either an asphalt overlay or a full
depth reconstruction. The 20 ft of asphalt pavement adjacent to the PCC slabs
were reconstructed in 1985 and surfaced with 3 in. of asphalt concrete
produced with arctic grade AC 5. The remaining apron pavement was overlaid
that year with the same asphalt concrete. The surface condition of this
pavement was good to excellent. The reconstructed section contained no
cracks and was in excellent condition. The section of Item 1 that was an
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asphalt overlay contained tranverse cracks that occurred every 40 ft and
longitdinl cratks that occurred on the construction joints. These transverse
cracks were approximately 1/2 to 3/4 in. wide and appeared to be reflected
fn•m the underlying PCC pavement (Figure 10). Typical pavement conditions
for the asphalt overlay and full depth reconstruction are shown in Figures 10
through 12.

The Air Force pavement evaluation team rated this pavement item very
good to excellent. The asphalt surface adjacent to the PCC slabs was rated
excellent while the remaining asphalt overlay was rated very good. The
primary pavement distress was low to medium severity transverse and
longitudinal cracking.

I0m 2

Item 2 is located in the North-South Apron adjacent to the F15 PCC
parking apron. The asphalt pavement was reconstructed in 1981 with a
pavement consisting of a 6 in. base and a 3 in. wearing surface. The asphalt
wearing surface was produced with standard grade AC 5. The surface
condition of this pavement was good to very good. The transverse cracks
were spaced 60 ft apart and were 112 in. wide. A typical crack in Item 2 is
shown in Figure 13.

The Air Force evaluation team rated this pavement good to very good. The
primary distresses were shrinkage (thermal) cracks and longitudinal cracks at
the construction joints. Alligator cracks were noted along the AC/PCC
interface and were determined to be caused by a loss of base support.

Item 3

Item 3 is located in the center portion of the East-West Runway and was
overlaid in 1978 with an asphalt concrete overlay (3 in.) using AC 2.5. The
surface condition of this pavement was very good to excellent. The transverse
cracks were spaced 60 ft apart and were 1/4 to 112 in. wide. The longitudinal
construction joints had opened to approximately 1/2 in. This pavement section
did not have any random cracks which was considered a remarkable condition
after 10 years of extreme cold weather. A typical transverse crack across the
east-west runway is shown in Figure 14.

The Air Force evaluation team rated this pavement very good in 1989. The
major distresses were longitudinal construction joints and transverse shrinkage
cracks.
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Figure 10. Transverse crack reflected from underlying pavement (Item 1)

Figure 11. Typical transverse crack In asphaft overlay section In Item 1
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Figure 12. No cracks in reconstructed section of Item I

Figure 13. Typical longitudinal crack in Item 2
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Figure 14. Typlcal transwese crack In Item 3
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Sondrestrom Air Base

Sondrwtuom Air Base is located on the southwest coast of Greenland
approximately 80 miles north of the Arctic Circle. Sondrestom AB is
surounded by two ice caps, the Greenland Ice Cap and the Sukkertopper Ice
Arm. The cold weather in Sondrestrom AB is extremely harsh on the airfield
pavements. The airfield pavements at Sondrestrm AB were originally
constructed in 1942 and were expanded during the 1950's. From 1985 to 1988
all the pdmazy pavements were resurfaced or reconstructed. A layout of the
pavement facilities at Sondrestrom AB is shown in Figure 15. The pavements
inspected and sampled (Items 1-3) are listed and described in Table 4.

In June 1988, a site visit was conducted by the prncipal investigator to
inspect the airfield pavements to determine the current surface condition and to
select sample locations. This visual inspection emphasized thermal cracking
pavement distresses. One year later (1989), a pavement evaluation team from
Tyndall AFB conducted a nondestructive pavement evaluation for each
pavement feature (Millard et al 1989).

Table 4
Description of Pavement Items Evaluated at Sondrestrom AFB

Apa-i
Conetructdon Inspeodion Asphal

h= Loaton Year (years) Type Description

I Runway west 1965 3 AC 2.5 Full deplh
end arcac sruenon

grade
2 Runway 1966 2 AC 2.5 Asphalt overay

Interior
grade

3 East 1967 1 AC 2.5 Full deplh
TaxiWay/ arcne reconsruacion/
Maintenance grade asphalt overlay

Item I

Item 1 is located at the west end of Runway 11-29. This pavement was
reconstructed in 1985 with a total pavement thickness of 24 in. This flexible
pavement included 6 in. of nonfrost susceptible (NFS) base course and 4 to
6 in. of asphalt concrete produced with arctic grade AC 2.5. The surface
condition of this pavement was good to very good. The only pavement
distress in this item was transverse cracking and longitudinal construction
joints opening. The transverse cracks were spaced 75 to 100 ft apart and were
1/2 in. wide. There were some random cracks (1/4 in. wide) that had
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'in 'l1psd bet"wman the tranusves cracks and weie the first signs of block
cracfng A typical gitudina crack is show in Figure 16.

The Air Ftmc evaluation tesin roed this pavement very good in 1989. The-~ pavement distres was noted to be transverse and longitudinal cacking
caused by thermal shrlukae of the asphalt pavememt

kMM 2

Item 2is loatd in the Intrior of Ruwy 11-29 and was overlaid in 1986
with 3 to 6 In. of asphalt conciate pwuduced with the same actic grade
AC 2.5. Prior to the asphalt overlay, extensive crack repair and crack sealing
was perfoanned. The surface condition at the time of Inspection was good. It
was evident th at l of the repaired cracks had reflected fthugh the new
overlay. Thoea cdras were primsary transverse and spaced 60 to 100 ft apart
and 1I2 to I In. wide. A typical crack from the interior of the rnmway is
shown In Figure 17.

The Air Force evaluation team als rated this section good and noted that
the predomninant distress was transverse and longitudInal cracks. The severity
of these cracks varied from low to high.

Umn 3

Item 318s located In portions of the East Taxiway and the Maintenance
Apron. 'lbe asphalt pavements in this item were constructed in 1987 as either
an asphal overlay (East Taxiway) or full depth reconatnaction (Maintenance
Aprnm). The full depth reosrcinincluded a non-frost susceptible (NFS)
base cowure and 6 to 9 in. of asphalt concrete produced with arctic grade AC
2.5. The asphalt overlay (3 to 6 in.) on the east taxiway was constructed
during the same sumimer using the same asphalt concrete material. The surface
coundition of the full depth rec-Ucsncto area was excellent (no cracks) while
the surface condition of the overlay was very good. The difference in these
two pavements was reflected transerse and longitudinal cracks (1/8 in.)
nominal width in the asphalt overlay section. Typical pavement conditions of
this item a= shown in Figures 18-19.

The Air Force pavement evaluation team also rated this pavement very
good in 1989 and noted that longitudinal. and transverse cracking were the
piftary pavement distresses.
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Figure 16. Typical longitudinal crack in west end of runway (item 1)

Figure 17. Typical transverse crack (reflected) In Interior portion of runway
(item 2)
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Figure 18. Overall view of Maintenance Apron full depth reconstruction
(Item 3)

Figure 19. Close up of Maintenance Apron pavement (Item 3)
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4 Materials Evaluation

F*We mM pi (4 to 6 in. iamewe cores) were tae at each aied
kmcti ftor ft s d pavemeMn intms so that in place material p•ete

Muld be dWmud ft laboratory valuatko was focused on the asphalt
-M d ua phlt q concit prwi se this study p•iarily c

on thrmal stesses and crack•.

% owin hoes ni* item %were tested with the following laboratory
prlcdutr M1w3 tcknes and density of each moe mw determI . Tn
£13 corue repasentiag a partcular Item, always separating the surfacee and
inerm"dit layers, were trimmed and combined to produce a repnesntative
aspalt mixtr sampl& M asphalt mixture was then extracted using test
method ASTM D 2172 to separate the aggregate and asphalt cement and to
determine te asphalt content. TIe recovered aggregates were used to
doemn £3 aggregate gati using test methods ASTM C 117 and
C 136. 11e asphalt cement was thn recovered using the Abson recovery
pcedums (ASTM D 1806). 1w recovered asphalt cements were tested to
dsmetmined dte penetraion (ASTM D 5), moftening point (ASTM D 36),
kinemic viscosity (ASTM D 2170) and absolute viscosity (ASTM D 2171).

The palit come test results wore used to determine the Utmperature
sus- bUity of tie aspimlt cement by calculating the Pen-Vis Number (PVN)
and fth Penetratio Index I(P). PVN was calculmed using the following
formula:

(L-MO

X -a WSfo ematic viscosity0 27sF)
L a 4.2 00 - 0.79674 [lo (pen 0 77"F)
M - 3.462•9 - 0.61094 [lo (pen 0 77Ml)]
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M! 8 .40 -LQlo.(77MM9
0.42 + log (P77iP3)

P77 w penetrationm 07"
P39 = penetration 39"

Wainwright Army Airfield

Six-hi, field cores were taken by Alaska District personnel during August
1988 and shpped to WES for laboratory testing. A summary of the asphalt
concrete mixtue properties are listed In Tab" 5. 7be tes results indicated tha
do properties of the asphalt concrete mixture wene adequate for a b10. quality
airfield pavement 'Iai only material property dhat was consistently outside the

recomended s;pecifications was the minus No. 200 material. These values
were above, doe amaxmm limit of 6 percent and could cause the asphalt
cement to beless ductile and to stiffen.

Mme values of the recovered asphalt cemen properties are listed in Table 6.
Mae penetration and vicst test results indicated tha these asphalt cements
had hardened and stiffened. The calculated PVN values for the recovered
aspatk cements are shown in Figure 20. The PVN values are all below the
minimum criteria for severe cold climates (-0.2), but the arctic grade asphalt
cements for Item 3-7 do meet the PYN requirements for moderate cold
climae (-0.5. There was a significant difference between PYN values when
comparing standard grad asphalt ceet PN= -1.3) to arctic grade asphal
cements (PVN = -0.4). The PI values averaged 5.8 for the standard grade
asphalt cements and 6.9 for the arctic grade asphalt cements.
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Table 5
Summary of Asphalt Concrete Properties - Wainwright Army
Airfield

S1eve AlMeld htm kIlM kmr I Itkm hen m oe
Up•.. 1 2 3 4 G a 7

3/4 in. 100 100 100 100 100 100 100 100

1/2 in. 82-06 92.3 97.0 00.5 91.1 04.9 9.0 92.1

3&8 ki. 75489 87.2 91.5 80.0 83.3 86.7 85.8 85.5

No. 4 50-73 70.1 74.3 59.6 66.2 64.2 63.0 64.1

No. 8 46-60 50.8 53.6 44.2 49.3 46.9 47.9 47.9

No. 16 34-48 39.2 41.6 35.1 39.2 36.5 38.1 37.5

No. 30 24-38 32.4 34.8 29.5 33.2 30.4 32.3 31.3

No. 50 15-27 23.1 24.5 21.9 24.4 22.1 23.9 22.8

No. 100 8-18 11.7 11.8 11.1 11.5 10.7 11.6 11.5

No. 200 3-6 7.5 7.7 6.7 6.6 6.4 6.9 6.9

AC coMent (%) 5.6 5.8 4.7 5.0 5.0 5.0 5.1

DusVAC rado 1.29 1.33 1.43 1.32 1.28 1.38 1.35

Thicdness (n.) 2.0 1.9 2.3 2.3 2.8 2.4 2.4

Density (pot) 146.8 146.9 143.3 149.7 146.6 150.2 149.7

Table 6
Recovered Asphalt Cement Properties - Wainwright Army
Airfield

Materiel ISM Item item kmw Item Ihem Item
Properly 1 2 3 4 5 6 7

Peneltaion 3VF 25 18 47 47 48 57 49
77"F 65 49 92 85 94 115 103

Visaccaty 140CF 1426 2311 1612 2106 1856 1398 1544

275*F 257 315 359 409 376 331 347

Softening Polnt(F) 117 122 115 118 117 113 115

PVN -1.3 -1.3 -0.5 -0.4 -0.4 -0.3 .0.4

Pi 5.1 5.7 6.9 7.2 6.9 6.8 6.6
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Figure 20. Pen-Vis Nuntmers (PVN) for asphalt cements at Wainwright Army Airfield
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Elmendorf Air Force Base

Two asphalt concrete field cores (6 in. diameter) were taken in each of
these items at Eimendorf AFB, AK by Alaska District personnel and shipped
to WES for laboratory testing. In Items 1 and 2, the field cores were taken
within 20 ft of the PCC parking apron in the full depth reconstruction area. A
summary of the asphalt concrete mixture properties anm listed in Table 7. The
test results indicated that the asphalt concrete mixtures were adequate for
airfield pavements. Again, the only aggregate proper that was consistently
outside the recommended specification was the minus No. 200 material. All
samples had minus No. 200 material above the 6 percent limit with Item 2
containing extremely high minus No. 200 values (8.4 and 10.1 percent). These
high fit contents could be detrimental to the quality of the pavement by
stiffening the asphalt cement and thus increasing the potential for low-
temperature cracking.

The values of the recovered asphalt cement properties and the asphalt
properties of the original asphalt cement for Items 2 and 3 are listed in
Table 8. The original asphalt cement property values were taken from job-
mix-formula test data provided by the U.S. Amy Engineer District, Alaska.
The penetration and viscosity test results indicated the asphalt cements had
hardened with Item 3 having the stiffer asphalt cement material. The
penetration values for the recovemd asphalt cements have been reduced by 50
to 75 percent when compared to the original asphalt cement property values.
The calculated PVN values for the recovered asphalt cements and the original
asphalt cements are shown in Figure 21. All the PVN values are less than -0.7
and do not meet the requirements stated in ETL 1110-1-139 for cold climates.
The philosophy that the PVN value does not change with age (heating, mixing,
and service) is substantiated with the data from Items 2 and 3. The PI values
average 6.0 for the arctic grade AC 5, 5.7 for the standard grade AC 5 and 6.5
for the AC 2.5.
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Summary of Asphalt Concrete Properties - Elmendorf AFO

111=1 MIM dwown Ab"
""m opn Sampe Soampb Sample Sampl Sampl0e Slampl

1 2 1 2 1 2

3/4 in. 100 100 100 100 100 100 100

1,2 in. 62-6 06.4 @0.6 065 04.4 06.8 03.2

8/8 In. 75690 86.7 82.4 87.1 88.3 86.0 84.2

No. 4 59-73 64.6 61.2 71.8 72.0 69.0 72.5

No. 6 46-60 49.1 47.1 60.8 58.7 52.6 54.4

No. 16 34-48 36.0 34.6 40.1 39.7 38.5 30.4

No. 30 24-86 26.6 26.0 26.0 27.0 28.8 20.0

No. 50 15-27 17.2 17.4 17.9 10.7 10.6 16.2

No. 100 8-18 10.3 10.5 12.0 13.9 11.8 10.6

No. 200 3.6 6.7 6.0 8.4 10.1 7.0 7.1

Aphudt oontnt(%) 6.5 6.3 6.7 6.0 6.5 6.7

DusVAC rato 1.22 1.30 1.47 1.68 1.06 1.06

Thicknes (ln.) 2.5 2.0 1.8 1.8 3.0 1.5

Dewaly ( 147.9 150.4 152.2 150.9 150.1 151.0

Table 8

Recovered Asphalt Cement Properties - Elmendorf AFB
DM IIMllsmfl lbm2 13m3

me%" Sample Sanple Oornan Sample Sample Orignal Original Sample Sap
Property 1 2 AC 1 2 AC1 AC2 1 2

'F (0.1 mn) 22 24 - 25 34 - - 22 22
7r' (0.1 nn) 54 61 145 74 Be 1O66 157 45 52

Viscosty
140'F (P) 2W22 2134 473 1083 791 268 200 2710 I579
27•1F (G) 434 416 172 259 232 1385 130 352 253

sow" 126 124 - 117 115 - - 124 122
Pint (I1F)

PYN -0.1 -0.7 -1.2 -1.2 -12 -1.3 -1.5 -12 -1.5

P1 &.0 5.9 - 5.5 5.8 - 6.7 6.2
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ondrsetrom Air Boo

In place paveman samples were obtained by the pavng contracor,
Superfo during June 1988 and shipped to WES for evaluation. Three field
cores (4 in. diameter) were taken at both sample locations In Items I and 3.
The sample locations were located In the full depth reconstruction areas of the
Runway and Maintenance apron. A summary of the asphalt concrete mixture
properties are listed in Table 9. The asphalt cores were separated between lifts
to evaluate the intermediate and surface course layers separately. The test
results indicated the properties of the asphalt concrete mixture were adequate
for airfield pavements. The aggregate gradations of these field cores also
indicated excessive minus No. 200 material with most values greater than 7.0
percen.

The values of the recovered asphalt cement properties and the original
asphalt cement for Items 1 and 3 art listed in Table 10. The original asphalt
cement property values were taken from job-mix-formula test data provided by
the project contractor. The penetration and viscosity test results indicated that
the asphalt cement properties had hardened and stiffened with time. The
penetration values for Item 1 (3 years old) were lower than Item 3 (1 year old)
and the viscosity values for Item 1 were higher than Item 3. The calculated
PVN values for the recovered asphalt cements and the original asphalt cements
are shown in Figure 22. The PVN values are all below the minimum criteria
for severe cold climates (-0.2) and averaged
-0.6. The PVN values from the recovered asphalt cements varied slightly from
the original asphalt cement with the inplace materials having lower PVN
values and being more temperature susceptible. The PI value averaged 6.6 for
Item 1 and 6.4 for Item 3.
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5 Uncertainties of
PVN Criteria

At I eoif in tMs epo, the PVN cdtia was ofgiUalyeml*11" in C*W&su a am s of Chwd@ 1 -,IIth a o
of J my b ce•ment rafid fim Coda an off sonr=st*il In Cu, i - a Im nuies at diaracdzg States mperature

, g ihmft ft U.S. Amy Corps of Bagighm hav adopted the PYN
atda for me to mry cold ctms mgdkss of 3 a•hl• cement's crude
oI somcm h lPl ezp ede-w has dson that ft PVN criteria has been
biff-leld in mev m•liwy gazifd pwome ap Wi m c mSme recent

e l m in ft amay d in ft field have bighNigid sme pommtni
( l tinwhe N. P Avi -umbers and ft physical properties fty ae
r sn o Prer t ha beon fou•d to be maid bi e to disPuntion when the
asphal ce Is modified with addiUves.

Laor 11y Sudi•es

Pen-Vi tmum vwere cai ted. for modified asphalt cements contaminbg
aditve In a recenit study condlucted at WES far the U. S. Air Force
(Andenan 1990) Thee differen AC-20 grade asphalt cements each with
diffePut levels of measurabie temaperature susceptibility, wene modified wit
four difirm additive materials. M w results of td e tests, listed m Table 11,
rais sme important questions about do val~dty of PVN values when the
a-pha- ceumen is modified with a~ddtves.

It Would aperflm the data In Table 11 that with die exception of die
ouiAut modifier. 13 tempearr-suscevjlbiltyofdiffent qualtywaphalt
cement cm be ug ifcty Miduced ftw*g moodification With additives.
Mas prmise Is utysuve In do fIeM aid is refuted by seveal recent

laboraoy ies (Uoodulch 1990 ad Rollings 1994). Recnta itnovationus in
lt mratnry equlpmt designed to measure fth duologlcal properties of asphal

ae~v at low service teprtrshave helped to sied more light on this
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Put-Vis Numbers ftron USAF-WES Moder Study
Medl• Tno

NOW amMnM M LDP EVA

1 -1I -1.55 0.34 -0.78 -1.18

2 -0.14 -0.29 1.42 1.34 0.86

S .- 0.45 -0.41 1.13 0.81 0.13

MQdl: - - a l-ba a* wh adub" mnwmnue
see . me*. -bu•onemea wu
LDP WM4I*wdnlypleln
EVA h1mvfitues

In his report for a major asphalt producer in the United States (Goodrich
1990), Goodrich concludes that "above about 10 deg C, the prOPertis of
modified asphalt are influenced by the modifier. Below about 10 deg C, the
properties of the modified asphalts are dominated by the base asphalt itself."
"Ibis implies that the expected increase in PVN from modification, as
supported by the dam in Table 11, has little If anything to do with actual
low-temperature pavement performance. This further implies that an asphalt
cement with an unacceptable PVN value can be modified with any number of
additives so that the PVN value is acceptable without significantly altering
low-temperature performance. This could become a serious deficiency in the
use of PVN criteria in the near future as asphalt producers become more
familiar with asphalt modifiers and their marketing advantages.

The conclusions cited by Goodrich regarding the ineffectiveness of asphalt
modification on low-temperature pavement properties is supported by similar
research conducted at WES and reported by Roilings (Rtolings 1994).
Numerous theological tests have been conducted at WES on various
combinats of asphalt cements and modifiers using the dynamic shear
rheometer (DSR). Figure 23 is a typical graphical epresentation of a series of
DSR tests designed to determine the effects of various levels of modification
on a common asphalt cement. Although the reference temperature is held
constant for all tests at 10 deg C, the frequency range can be used to directly
relate to temperature. In this case, the low-frequency range relates to
high-temperature performance and the high-frequency range relates to
low-temperaum performance. The storage modulus (G') of the asphalt cement
is primarily a measure of the elastic response of the material to an imposed
dynamic load. Storage modulus should be higher in the low-frequency (high
temperature) range to improve deformation resistance and lower in the
high-frequency (low temperature) range to reduce stiffness. Figure 23 clearly
shows the implied performance improvements imparted by asphalt modification
to be much greater in the high-temperature range than in the low-temperature
range. Further laboratory studies and field tests should determine the
significance of these storage modulus differences. Initial indications from
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Figure 23. Storage modulus versus frequency for various levels of asphalt
modification

Field Experience

In 1992, WES conducted a laboratory forensic evaluation of asphalt cement
and asphalt concrete samples firm Eelson AFB, AK (Anderton and
Lewandowski 1992). The asphalt samples represented mateials from an
aifield puking apron that was experiencing temal crackng problems one
year aft constructim 1e s ton speci tions used for this project
included the PVN arctic-grade asphalt cement requiremnL Several factors
prompted the U.S. Army Engineer District, Alaska to request the forensic
evaluation:
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a. Alaska's experience with arctic-grade asphalt cements suggested that
thermal cracking after one year of service was highly unusuaL

b. Other asphalt pavements constructed at Elelson AFB using arctic-grade
asphalt cements had a minimal amount of thermal cracking after several
years of service.

c. During p cuon material evaluations, three separate submittals of
p*halt cement were made by the contractor before a cement passing

the minimum -0.20 PVN criteria was found and approved.

Laboratory tests for this forensic evaluation Included spectrographic and
rIaMo1graphnc aalyses to determine molecular and chemical profiles of the

asphalt cemnts. Penetration and viscosity tests were also performed in order
to calculate PVN data. The asphalt cement tested was recovered from field
cores cut from the I-yr old asphalt pavement at Eielson. Additional PVN data
was suplied for all three asphalt cements submitted befoe construction for
acceptance testing, including the asphalt cement reported to have been used
during construction. Also, a sampl of the original asphalt cement which
passed acceptance testing was secured for spectographic and chromatographic
evaluation.

The penetration, viscosity, and PVN data from the field core samples and
the preconsiaction submittal samples are given in Table 12. A direct
comparison of the PVN data is allowable since PVN is considered a life long
fingerprint of a given asphalt cement's temperature susceptibility (Hass. et al
1987, Mceod 1987, Kandal and Koehler 1985). This means that the PVN
vnlue of a given asphalt cement should be near the same value when tested at
the refinery, after plant mixing at elevated temperatures with hot aggregates.
and after years of service In the field as part of the pavement.
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TO*l 12
PVN Dta From Eleson APS Forensic Evaluation

at7r7 at 127*P
Stemep NO. (0.1 mm) (Ows"sk ) PVN

P 1 144 186 -1.02

Proe 2 169 182 -0.74

RO W' 246 260 +0.27

core 1-, 79 280 -1.01

Core 1-1 93 237 -1.10

Core 2-4 101 276 -0.78

Core 24 132 286 -0.72

Coro 3-S 124 210 -0.90

Core 34 135 236 -0.71

Accepad a asphalt cement in be used dun conabuc~on.
Core Wken in h area msd arlepaed him vo layers before
tuft. ( - srae 1aerw I - hieneodlts or boatm ayeor)

By comparing the PVN data in Table 12, it is easy to conclude that the
PVN range of the field cores is repesentative of the PVN range of the two
asphalt cements which failed the preconst-ction acceptance tests. None of the
field core PVN values come close to the +0.27 value of the accepted asphalt
cement. The spectrographic and chromatographic analyses provided further
explanations for this discrepancy by identifying a common additive in the
accepted Precon 3 sample and in each of the field core samples. The amount
of the additive in the asphalt cement was determined to be approximately 2
percent by weight and similar in chemical structure to a linear hydrocarbon
acetate (i.e., some type of petroleum-based oil). Alaska District personnel had
reported that the use of additives such as this is common practice in Alaska
since the local sources of unmodified asphalt cements typically do not meet the
-0.20 minimum PVN criteria.

The probable scenario at Eielson AFB determined by this forensic
evaluation points out one of the most significant dangers in using the PVN
criteria. It seems likely that at Bielson, after two failed submittals of asphalt
cement, someone merely modified an otherwise unacceptable asphalt cement to
meet the PVN criteria..In such a case, the bulk of the additive would likely
evaporate during the extended high-temperature mixing phase of the hot mix
asphalt production. The result of this scenario was an asphalt pavement that
performed poorly at low temperatures as the unmodified base asphalt cement
properties would have predicted had the additive not been used to disguise an
unaccepte PVN.
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6 Conclusions and
Recommendations

Conclusions

Based an the findis of the literature review, the following conclusdim
were made on the effeteness of special grade asph& cements to reduce
thermal cracking.

a. Low-tmperat transverse cracking occurs when the temperature
induced tensi ess in the asphalt concrete exceeds the tensile sMrn
of te asphalt concrete.

b. Aspbalt cemem grade is th most significam design parameter for
minimizing low-temperature cracking of asphalt pavemens.

c. PVN classification is a widely used and accepted method for
determining th temperature susceptibility of an asphalt cement in cold
climaDJea.

d. Laboratory studies have indicated that asphalt modification does
increase PVN values, but has little effbct on low-temperature
peribrmance. Asphalt modification can increase an unacceptable PVN
value and make an asphalt cement acceptable according to the PVN
criteria without significantly improving the pavement performance.

Based on dte remlts of the field inspections and material evaluations, tie
fowing conclusions were made on the effectiveness of special grade asphalt
cements:

a. No PVN values from recovered asphalt cements met the minimum
criteria for severe cold climates (-02), but several asphalt cements did
meet the minimum criteria for moderate cold climates (-0.5).

b. The recovered PVN values for standard grade asphalt cements were
-1.3 while Ue special grade asphalt cements ranged between -0.3
and -0.8.
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c. Mt dq• uommmui psem bad beinr psum muu

CONN M O orukg) thanamonk Owday pav M special Vale-ps -oa had Buie or no effect on preventing or reducing
rflectve cracks.

d. For an asphalt overlay, fth type of Asphalt cement does not have a grea
effect oan pavement surface conditiom i.e., mtnsveme and longitudinal
crackift

e. PVN values for recovered asphalt cements were approximately the same
as PVN values for the original asphalt cements. PVN values were not
affected by plant production (heat) and weathering.

f. PI values for recovered asphalt cements were much higher than typical
values for asphalt cements. The PI values were affected by plant
production (heat) and weathering.

g. Field experience at Eielson AFB and related forensic laboratory testing
showed that asphalt modification can disguise an unacceptable PVN
value.

Recommendations

Based on the conclusions derived from the results of this study, the
following recommendations are made:

a. PVN criteria for all cold weather paving should be reduced to -0.5.
Satisfactory pavement performance has been achieved in severe cold
climates with asphalt cements having PVN values lower than -0.2

b. Asphalt overlay projects should not be required to use PVN criteria but
judged on site for specific needs and costs, since transverse and
longitudinal reflective cracks will occur before thermal cracks develop.

c. If PVN criteria are required, special provisions for forensic testing
should be made to insure asphalt cement has not been modified to
disguise an unacceptal asphalt cement.

d. Due to the advent of asphalt additives and modifiers, the PVN criteria
has become vulnerable and cannot adequately separate temperature-
susceptible asphalts from non-temperature susceptible asphalts.
Reseach is needed to establish new criteria based on rheological
properties that can be used to specify the best asphalt cement for cold
climates.

e. Additional inspections and evaluations should be conducted to evaluate
long term performane (10-15 years) of these airfield pavements.
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I.Now SEP ateds dIKuM be an"e ID dOWemnRo qaPlcabift to
aidildd psvmus in cold cimmes.
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DWAIWD1T OF w M M 1110-1-139
C3-aT U.S. Army Corps of Enginsqrs

Washington. D.C. 20314-1000

Nginseer Technical 22 June 1990
Letter 1110-1-139

Engineering and Design
SELECTIG ASPHALT C•fKITS

1. -Purose. This letter updates guidance for selecting asphalt cements for
pavement construction as outlined in section 6-2 of TH 5-822-8/APR 88-6.
Chapter 9, "Bituminous Pavements Standard Practice".

2. Applicability. This letter is applicable to all BQUSACE elements and
field operating activities (P0A) having Army, Air Force and military and civil
works construction design responsibility.

3. Refereuces. The following references provide necessary general informa-
tion, definitions and design guidance for pavements:

a. T1 5-822-5/AFM 88-7, Chap. 3.

b. 7M 5-822-8/AIM 88-6, Chap. 9.

c. TH 5-818-2/APM 88-6, Chap. 4.

d. ASTh D 946.

e. AST1 D 3381.

4. B. Asphalt cements used in pavement construction are currently
rede-d or classified on the basis of two different systems: penetration or

viscosity. Within the continental United States (CONUS), penetration grading
of asphalt cement has been generally replaced by viscosity grading. Outside
the continental United States (OCONUS), penetration grading of asphalt cements
is still coinn. Because of effects of the grading system change and the
accmmlation of many years of pavement performance data base on the penetra-
tion grading systet, this letter is needed to provide guidance in selecting
asphalt cements.

5. Action to be Taken. Pending publication of permanent media guidance, the
criteria provided at Enclosures 1 and 2 will be used as an interim for select-
ing asphalt cements. Selection of asphalt cement grades for Army facilities
in cold regions will be coordinated with QtJSACE (COP-ET), VASR, DC 20314-
1000. Approval and selection of asphalt cements for Air Force airfields will
be coordinated with the appropriate CZHP-IT mandatory center of expertise.

This ITn supersedes ITL 1110-3-369, 28 March 1986.
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22 Jun 90
Chapter 1

SELECTING ASPHALT CEMENTS

General

Asphalt cements for use in pavement design and construction are graded or
classified In one of two ways. Grading can be done on the basis of pene-
tration depth of a standard -test needle into asphalt cement at a saindard test
temperature. The other method of grading is based on the use of a viscosity
test. Currently, In the continental United States (CONUS), viscosity grades
of asphalt are comon. However, outside the continental United States
(OCONJS), penetration grades of asphalt may be more easily obtained. Tables I
and 2 give specifications for the two types of viscosity graded asphalts.
Table 3 gives specifications for penetration grades. All three tables are
from current standards of ASM D 3381 for viscosity grades and ASI/ D 946 for
penetration grades.

Selecting a grade of asphalt cement should be based on several items.
Among the most important are climate, traffic conditions, economics of asphalt
availability, and previous regional experiences. Traffic conditions and eco-
nomic considerations will vary from project to project, but environmental
conditions and regional experiences should have some similarity. For example,
warm and hot regions should have similar experiences in avoiding unstable
asphalt concrete mixes during the smer months, and cold regions should have
similar experiences in avoiding crack-prone pavements during winter months.

Asphalt Cement Selection by Temperature Region

Table 4 gives guidance for selecting an asphalt cement by temperature
region. Climatological data are required to provide input Into the selection
method. First, average monthly maximm temperature data are required to com-

1
pute a pavement temperature index (PTI). When project locations have average
monthly maximum temperatures above 75* F (23.9" C), the PTI is defined as the
sum of the monthly increments exceeding 75" F (23.9 C). Conversely, when no
monthly temperature exceeds 750 F (23.9* C), the PTI is defined as the differ-
ence between the highest average maximum temperature for the warmest month and
75" F (23.90 C). Enclosure 2 (Example 1) shows an example of PT!
computations.

When it is determined that a project will exist in a cold region, as
defined in Table 4, additional climate data are required. For the project
area under consideration, a design air freezing index (DFI) is also required
to further satisfy cold region requirements. (Reference TM 5-818-2/APM 88-6,
Chap. 4 for determination of DFI.) Cold regions are areas where the penetra-
tion-viscosity number (PVN) method is used to aid in selecting an asphalt
cement.

HIeadquarters, Departments of the Army and the Air Force, Bituminous Pavements

Standard Practice, TH 5-822-8/AFK 88-6, Chap. 9.

Enclosure I
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ET. 1110-1-139
22 Jun 90

Table 4

Asphalt Cement Selection Criteria Based on Pavement Temperature Index

Pavement Temperature Temperature Asphalt Cement
Index, Cumulative OF ('C) Region Selection Crteria

Less than 30 (16.7) Cold Penetration-viscosity method
for cold regions (Table 5)

30 to 80 (16.7 to 44.4) Warm 85 to 100 penetration
(original asphalt)

Greater than 80 (44.4) Hot 60 to 70 penetration
(original asphalt)

DFI's are used to differentiate between climates in cold temperature
regions. A DFI of 3,000 degree-Fahrenheit-days (degree-days) or
1,667 degree-Celsius-days is used as the delineation between moderately cold
and severely cold (extremely cold) climates. Moderately cold climates have
DFI's up to 3,000 degree-days, and severely cold climates have DFI's greater
than 3,000 degree-days.

Penetration-Viscosity Number: For Cold Regions

Penetration-Viscosity Number (PVN), also called Pen-Vis Number, is an
empirical correlation between asphalt cement factors and low temperature pave-
ment cracking experiences in Canada. Asphalt cement factors considered in the
original correlation were penetrations at 77* F (250 C), viscosity at 2750 F

(1350 C), and penetration index.2 McLeod3 proposed PVN for selecting asphalt
cements to prevent low temperature cracking of asphalt concrete pavements.
The PVN method is used to quantify temperature susceptibility of an asphalt
cement and estimate its ability to prevent low-temperature cracking.

Required input data are penetration at 77* F (250 C) and kinematic vis-
cosity at 275' F (135' C). Figure 1 allows estimation of PVN for asphalt
cements in cold regions. Table 5 provides minimum PVN selection criteria for
asphalts in cold regions. Table 5 and Figure 1 should always be used when
selecting asphalts for use in cold regions. Table 5 also shows requirements
for airfields and roads and other pavements. A design index is required for

2Ad Hoc Committee, "Design Techniques to Minimize Low-Temperature Asphalt

Pavement Transverse Cracking," Research Report 81-1, Asphalt Institute,
3 December 1981.
McLeod, N. W., "A 4-Year Survey of Low-Temperature Transverse Pavement
Cracking on Three Ontario Test Roads," Proceedings, Association of Asphalt
Paving Technologists, Vol. 41, 1972.
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"Table 5

bm lYE Selection Criteria for Asphalt Camen In Cold Region Use

Roads and

Other Pavements
by Design Index

Cold Region Airfields s 4 " 4
Moderate cold

(DFI S 3,000 degree-days*) -0.5 -0.5 -0.5

Severe cold
(DFI > 3,000 degree-days*) -0.2 -0.5 -0.2

* Degree-Fahrenheit-days (1,667 degree-Celsius-days).

10.000 -il

5000

2000

us1

I-

I-

w 1000 04

us500

200

PENETRATION AT 77°F

Figure 1. PYN chart for cold region asphalt selection (NcLeod 1972)
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roads and other pavements; it is an index of traffic estimate and is defined
in TH 5-822-5/AFM 88-7, Chap. 3.

Temperature at a 2-in. depth of pavement can be estimated from a DFI for
a given project location or site as shown in Figure 2. This "minimum antici-
pated pavement temperature" and minimum FMI criteria of Table 5 can-be used
with Figure 1 to select an asphalt cement.

An asphalt with given penetration and viscosity can be checked for satis-
fying PVN criteria of Table 5 by plotting in Figure 1. If its penetration and
viscosity point falls on or above the minimm PVN value and to the right of
the minimum anticipated pavement temperature, it is estimated that low temper-
ature contraction cracking of the asphalt concrete layer will be prevented.
If it plots to the left of the anticipated pavement temperature, the pavement
will likely crack at low temperatures. PVN values should be calculated for
more accurate results.

Examples of Asphalt Cement Selection

Enclosure 2 contains examples of asphalt cement selection by use of this
Engineer Technical Letter.
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EALE ANALYSES FOR SELECTING AN ASPHALT CEMENT

Exmple 1. Calculating Pavement Temperature Index

The method for calculating the pavement temperature index for two con-
struction sites is given in this example.

The average monthly maximum temperature and the difference above 75* F
(23.90 C) for Site A and Site B are given below.

Site A Site B
Avg. Max. Avg. Max.

Temperature Difference Temperature Difference
Month OF Above 75* F OF Above 75* F

Jan 60.5 -- 29.8 -
Feb 68.5 -- 27.8 -
Mar 73.7 -- 43A.0
Apr 79.9 4.9 58.2 -
May 88.5 13.5 67.2 -
Jun 94.5 19.5 70.4 --

Jul 97.6 22.6 77.0 2.0
Aug 92.0 17.0 74.2 -
Sep 90.2 15.2 66.9 --

Oct 80.3 5.3 57.5
Nov 74.0 -- 43.4 --

Dec 60.3 -- 36.8 --

Cumulative Total 98.0 2.0

The temperature index at these sites is the sum of the increments of
average monthly maximums above 75' F; therefore, the pavement temperature
index for each site is as follows:

Site A - 98.0, cumulative °F (54.4, cumulative "C)

Site B - 2.0, cumulative *F (1.1, cumulative "C)

Based on Table 4 of Enclosure 1, Site A is a hot region, and Site B is a cold
region. Site B requires the use of the PVN method to select an asphalt
cement.

Example 2. Asphalt Cement Selection in a Hot Region

A parking lot should be built in a region that has a pavement temperature
index of 98, cumulative *F (54.4, cumulative *C).

Enclosure 2
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psuw 40001 dmms at most dms reqslre-

AC-1O AC-20 AC-0

Viscosity, 140' 1, P 872 2,200 4,104
2730 79 eSt 298 435 605

Penetration, 770 F, 0.1 ma123 70 46

From Table 4 of Enclosure 1, an asphalt cement that has a penetration of
approximately 60 to 70 should be selected. The AC-20 asphalt cement should be
selected for this pavement.

Example 3. Asphalt Cement Selection in a Warm Region

A street should be constructed in a region that has a pavement tempera-
ture index of 42, cumulative OF (23.3, cumulative "C).

An asphalt supplier can provide asphalt cements that meet the require-
ments in Table 1 of Enclosure 1. Viscosity and penetration data for the
asphalt cements are given below.

AC-5 AC-10 AC-20

Viscosity, 140' F, P 560 1,120 2,170
2750 F, cSt 180 335 450

Penetration, 770 F, 0.1 - 145 96 70

Based on Table 4 of Enclosure 1, an asphalt cement that has a penetration of
approximately 85 to 100 should be selected. The AC-10 asphalt cement is
selected.

Example 4. Asphalt Cement Selection in a Cold Region

At Fort Drum, NY, a heavy duty open storage area (design Index of 10) for
use by 50,000 lb forklift trucks has to be constructed in a region with a
pavement temperature Index of 2, cumulative OF (1.1, cumulative OC) and a DFI
of 2,300 degree-Fahrenheit-days (1,278 degree-Celsius-days) calculated using
D( 818-2.

An asphalt supplier can provide two asphalt cements that meet the
requirements In Table 1 of Enclosure 1. Viscosity and penetration data for
the asphalt cements are given below.

AC-2.5 AC-5

Viscosity, 140' F, P 280 466
275' F, cSt 140 220

Penetration, 77' F, 0.1 -m 296 240
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Analysis and Asphalt Selection

The climatological data allow classification of the site by temperature
region and allow an estimate of pavement temperature. According to Table 4 of
Enclosure 1, the pavement temperature index classifies the site as a cold
region where the YIN method should be used to select the grade of asphalt
cement. The DFI allows the use of Figure 2 (Enclosure 1) to estimate a mini-
mum pavement temperature at a 2-in. (5 cm) depth. From Figure 2. a minimum
anticipated pavement temperature is about -22* F (-30' C).

Table 5 of Enclosure I shows that this cold region can be further classi-
fied as a moderately cold region since its DFI is less than 3,000 degree-
Fahrenheit-days. Table 5 also indicates that the required PVN of the asphalt
selected must be greater than -0.5 for a design index of 10. This will mini-
mize low temperature pavement cracking.

Now, PVN values must be determined for the available asphalt cements.
This can be done by either plotting penetration and viscosity at 2750 F
(135* C) in Figure 1 of Enclosure 1 or by using PVN equations. If the details
of Figure I are not sufficient to accurately determine PVN values, equations
should be used.

The general PVN equation is as follows:

PVN = (L - X)(-1.5)
(L - R)

where
L - logarithm of viscosity in centistokes at 275' F (135' C) for a PVN

of 0.0 at the given penetration

X - logarithm of viscosity in centistokes at 275' F (135* C) of a given
asphalt

M - logarithm of viscosity in centistokes at 275' F (135' C) for a PVN
of -1.5 at the given penetration

Values of X can be determined directly from asphalt cement viscosity data as
provided in this example, but values of L and M are a function of the
?enetration values of each asphalt. Equations for the values of L and M
are:

L - 4.25800 - 0.79674 LOG (PEN)

1McLeod, N. W., "Using Paving Asphalt Rheology to Impair or Improve Asphalt
Pavement Design and Performance", Asphalt Rheology: Relationship to Mixture,
ASTM STP 941, 0. E. Briscoe, Ed., American Society for Testing and Materials,
Philadelphia, 1987.
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N 3.4M2 - 0.61094 LOG (1W)

*wer / - pemetertlon at 77* F (25" C) of a Siven asphalt cemat.

Calculated PVI values of the two available asphalt cements are:

FYI - -0.638 for AC-2.5

FVI - -0.081 for AC-5

Based on Table 5 of Enclosure 1, an asphalt cement that has a PVN greater
than -0.5 and lies on or to the right of the minimum temperature diagonal line
should be selected. The AC-5 asphalt cement is selected because it has a PVN
of -0.081 and lies to the right of the -22° F temperature diagonal line. This
asphalt cement satisfies the requirements of Table 5 and should prevent lov-
temperature pavement cracking.

Example 5. Asphalt Cement Selection in a Warm Region

A parking lot shoula be constructed in a region that has a pavement tem-
perature index of 42, cumulative 0F (23.3. cumulative "C).

An asphalt supplier can provide asphalt cements that meet the require-
ments in Table 2 of Enclosure 1. Viscosity and penetration data for the
asphalt cements art given below.

AR-10oo AR-2000 AR-4000

Viscosity, 1400 F, P 851 1,962 3,544
2750 F, cSt 162 247 334

Penetration, 776 P, 0.1 mm
Original 141 87 53
Residue 99 55 39

Based on Table 4 of Enclosure 1, an asphalt cement that has a penetration of
approximately 85 to 100 should be selected. The AR-2000 asphalt cement is
selected based on the original penetration of the material.
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